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the young clams were kept suspended in this instance on account of 
their accidental and supplementary adhesion to the Ascidians can- 
not be determined, but it is fair to suppose that their period of sus- 
pension would be prolonged on that account beyond the usual time. 

The presence of a byssal attachment in My a arenaria reopens the 
question of the life-history of this important shell-fish. In fact, it 
is probable that some of its allies may have an unknown byssal 
stage, and, perhaps, types somewhat distant from it in the system, 
but with similar habits in the adult condition, such as Glycimeris 
and Panopcsa, may also have such a stage. In that case the 
methods hitherto proposed to be adopted in order to secure the 
young for purposes of transplanting would have to be greatly 
modified. It is very probable that this arrangement is a protective 
one and that the suspension of the young of my a arenaria is for the 
purpose of protection during the early and most precarious period 
of existence of the animal. To obtain the early stages of the young 
ti will accordingly be necessary to resort to some form of " col- 
lector " or cultch, such as is used in oyster-culture, to allow the fry 
to affix itself. 

While there is a very sharply defined homogeneous larval shell or 
protoconch in the young oyster, this seems to be absent or not 
sharply defined in the young of Mya arenaria in specimens two to 
three millimeters long. In GhlamydoconcJia the protoconch or lar- 
val shell is preserved even in individuals supposed to be adult, since 
here both valves are completely invested by the closed mantle sac, 
the shell being internal. The detection of a byssus in the young of 
Mya is of interest also from the fact that it suggests that such or- 
gans are probably present in the young stages of still other Lamelli- 
branchs, where it has not been hitherto suspected. — John A. Ryder. 



PHYSIOLOGY. 



On the Bhythm op the Mammalian Heart. — Prof. John A. 
McWilliam, 2 of the University of Aberdeen, extends to a study of 
the mammalian heart the methods of work which in the hands of 
Gaskell, Mills, himself, and others have led recently to such valuable 
results concerning the organ in Fishes, Amphibians, and Eeptiles. 
He experiments with cats, dogs, rabbits, hedgehogs, guinea-pigs, 
and rats, partly on the excised heart and partly on the heart in 
■situ, and obtains many interesting data, which he compares with the 
known facts in the cold-blooded animals. As in the latter, so in 

1 This Department is edited by Dr. Frederic S. Lee, Bryn Mawr Col- 
lege, Bryn Mawr, Pa. 

2 The Journal of Physiology, Vol. 9, p. 167. 
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mammals the contractions of the heart muscle are always maximal,, 
and a rhythmic rise and fall occur in the muscular excitability — a. 
fall immediately succeeding the contraction, followed by a gradual 
rise during the phase of relaxation ; hence the more rapid the beat, 
the less powerful it is, and vice versa. Constant currents and weak 
induction currents are alike in causing an acceleration of beat in an 
already active heart, and the appearance of a rhythmic series of beats- 
in one previously quiescent. As in all other Vertebrates, the mam- 
malian heart-beat partakes of the nature of a progressive contrac- 
tion beginning at the venous end of the organ. The place of origin 
of the contraction seems to be the walls of the great veins, and 
the time of origin is the same for the vense cavae and the pulmonary 
veins. Whether the mammalian cardiac rhythm is nervous or 
myogonic — i.e., whether it is a property of nervous or muscular 
tissue — is impossible at present to decide. That heart muscle has 
a spontaneous rhythmic power of its own is abundantly proved for 
Fishes, Amphibians, and Reptiles, although it seems that normally, 
in the auricular muscle at least, such power is in abeyance. The 
following facts concerning the mammalian heart muscle will help 
in the future to elucidate this subject. All parts of the heart 
are endowed with independent rhythmic power, as is proved by the 
continuance of rhythmic contractions in parts separated from each 
other — e.g., in ventricles separated from auricles ; the independent 
ventricular rhythm seems at times to be myogonic, for by increas- 
ing the local excitability, as by the local application of heat, the 
contraction may be made to begin in the apex, where, according to 
the researches of the author and those of Kasem Beck, nerve-cells 
do not occur ; the automatic rhythmic property is not equal in the 
various parts of the heart, being apparently highest in the venous 
terminations, and lowest in the ventricle, as indicated, among other 
things, by the slow rhythm in the isolated ventricle (which is 
in harmony with what exists in the lower Vertebrates) ; the rhythm 
originating at the venous terminations apparently dominates the 
whole heart, and determines the rate of its action ; hence the causes 
determining the rhythm of the intact heart are to be sought for at 
the venous end of the organ. The usual order of contraction may 
be altered and even entirely reversed by artificially stimulating a 
portion of the surface — e.g., stimulation of the ventricle is followed 
by contraction of the ventricle, then auricle, then venous termina- 
tions. 

The question of the mode of propagation of the normal contrac- 
tion over the auricles and ventricles is discussed by the author at 
some length, in view of the fact that Gaskell has urged that in the 
tortoise the phenomenon is simply one of muscular conduction. 
Such an explanation is negatived at once for the mammalian heart, 
as regards the passage from auricle to ventricle at least, by the fact 
that here is a distinct break in the muscular continuity, the auricles 
and ventricles being separated by a considerable amount of connec- 
tive tissue. It seems impossible to account for the sequence on 
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purely physical grounds, such as the distension of the ventricular 
cavities, the electric variation accompanying the auricular beat, or 
the sudden tension of the chordae tendinese resulting from the con- 
traction of the auricular muscle fibres which go down into the 
auriculo-ventricular valves. The author is hence forced to a belief 
in the existence of a nervous mechanism for the propagation. What 
this mechanism is, is not known, but it is possible that an extensive 
nerve plexus exists throughout the whole of the cardiac wall. Pas- 
sage of the contraction through the substance of the auricle is inde- 
pendent of the great nerve-trunks, since these may be destroyed and 
the wall even cut into zigzag strips without interfering with the 
action. 

Connections oe Membranous Labyrinth. — In Fishes, Amphib- 
ians, and Reptiles the ductus endolympliaticus of the inner ear has 
long been known not to constitute a closed cavity, but to join the 
«xterior (Elasmobranchs) or the lymph-spaces of the cranial cavity. 
Rudinger 1 finds an analogous arrangement to exist in mammals and 
man. The ductus does not here end blindly, as has hitherto been 
supposed, but by means of several branched canals is in communi- 
cation with the subdural lymph-spaces of the dura mater. These 
-canals are probably homologous with those of the lower vertebrates. 
The author regards the ductus as an elastic bag, the function of 
which is to enable the differences of pressure occurring within the 
labyrinth to be readily balanced. The size, the bladder-like form, 
and the situation of the ductus in the cranial cavity, instead of 
within the bony labyrinth, favor such a theory. 

Function op the Cochlea. — The most commonly accepted 
hypothesis regarding the mode of analysis of composite sounds by 
the cochlea is that of Hensen, according to which a small portion of 
the basilar membrane is put into vibration by the incoming waves ; 
deep tones affect the membrane where it is widest — i.e., at the apex of 
the cochlea; high tones affect the narrow portion at the cochlear base. 
This theory is supported by an observation of Munk that a dog, in 
whom the base of the cochlea had been injured, could hear low tones 
only. Stepanow 8 has recently tested the theory experimentally by de- 
stroying the apex of the cochlea in the guinea-pig, in which animal the 
cochlea projects freely into the auditory bulla. Different instru- 
ments, comprising the violin, piano, harmonica, Galton's whistle, 
B-bass, tuning-fork, etc., were employed to test the power of hear- 
ing; and the perception of sound was inferred from the reflex move- 
ment of the ears. In spite of destruction of a considerable portion 
of the apical region of the cochlea, accompanied by loss of en- 
dolymph, the animals reacted to all tones, and, what is especially 

1 Sitzungsber. d. math.-phys., CI. d. k. bayer., Akad. d. Wiss., 1887. 
Heft. 3, p. 455. Cf. Munohener Med. "Wochenschr., 1888, p. 139. 

2 Monatschr. f. Ohrenh., xxii., p. 85. Cf. Centralblatt f. Physiologie, 
1888, p. 398. 
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important, perception of the deep tones did not seem to be wanting. 
The author regards Hensen's hypothesis as not proved, and inclines 
to the theory of Voltolini that each nerve fibre of the cochlea recog- 
nizes all tones. 

A Eeoent Study of "Kigoe, Mortis." — Some important work 
on rigor mortis has lately been done in the Physiological Institute 
at Konigsberg by Max Bierfreund, cand. med. 1 Since the time of 
Nysten (1811) physiologists generally have suspected that the ner- 
vous system has some appreciable influence upon the time of appear- 
ance of rigor, and possibly upon its subsequent intensity. Munk, 
Bleuler and Lehmann, v. Biselsberg, Tamassia, and others have in- 
vestigated the question and have come to quite contradictory conclu- 
sions. Tamassia asserts that rigor is completely independent of 
the nervous system, and supports this theory by the results of a 
number of experiments on frogs, sparrows, and guinea-pigs. A. v. 
Gendre, v. Eiselsberg, and now Max Bierfreund have, on the other 
hand, arrived at the opposite conclusion. Bierfreund has found in 
all the experiments performed by him decided evidence that some 
influence proceeds from the nervous system. "When he cut the 
sciatic nerve of a freshly-killed animal he found that rigor mortis 
always set in on that side 10-20 minutes later than in the muscles, 
of the uninjured leg. This indicates that the nervous system 
exercises a quickening influence upon rigor, and this view is fully 
borne out by experiments upon the central nervous mechanism. 
Division of the lateral columns of the spinal cord or extirpation of 
one of the cerebral hemispheres will cause a delay in the appearance 
of rigor on the side which is dependent on the part removed. Bier- 
freund found, also, as might have been anticipated, that destruction 
of the central organs diminished the intensity of the rigor. 

The red muscles stiffen much later than the white (11-15 hrs. as 
against 1-3 hrs.) ; and the time taken for completion of the rigor 
in the red muscles is much longer (52-58 hrs. as against 10-14 hrs.). 
Bierfreund sees in this fact an explanation of the so-called law of 
Nysten that the muscles of the body fall into rigor in a fixed and 
definite order. He observed, for example, that in rabbits the muscles 
of the hind limbs, where white muscles predominate, invariably 
stiffen sooner than those of the fore limbs, where the muscles are 
exclusively red. 

High temperatures hasten the onset and the subsequent disap- 
pearance of rigor. Narcotics (chloroform and ether) if inhaled, 
delay it, but, if injected into the blood, produce a condition similar 
to rigor by their direct effect on the muscle substance. Chloral, 
which has no direct influence upon the muscle, effects a retardation 
of rigor when injected into the blood. Curare, according to von 
Biselsberg and von Gendre, appears to destroy completely the influ- 

1 TTntersuchungen uber die Todtenstarre, Pfltlger's Archiv, Bd. XLIII., 
S. 195. 
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ence of the nervous system. Stimulation of the sciatic on one side 
with a subminimal electric current causes rigor to appear later on 
that side. 

The disappearance of rigor is not due to the fact that putrefaction 
liquefies a coagulated proteid. Putrefaction and rigor do not run 
parallel courses ; frogs are occasionally found in a state of rigor in 
spite of intense putrefaction. If putrefaction be checked by in- 
jection of carbolic acid or corrosive sublimate into the blood-vessels 
of the animal the rigor disappears just as quickly as in an animal 
in which putrefaction is given full sway. 

Bierfreund regards as highly significant the fact that rigor 
vanishes of itself and independently of the putrefaction. He looks 
upon rigor mortis as the last contraction of the muscle, the last act 
in the life-history of the muscle fibre ; but by what stimulus or 
stimuli this contraction is called forth, he leaves us still uncertain. 
— E. D. Jordan, Boston. 

The Mechanical Origin oe the Hard Parts oe the Mamma- 
lia. — A paper on this subject was read by the writer before the 
American Philosophical Society, Jan. 3. 

Summarizing the investigation, the author stated that the 
structures of the mammalian skeleton and dentition may be referred 
broadly to the two general classes, excess of growth and defect of 
growth. Each of these may be again divided into two series as fol- 
lows : 

Use. 
Luxuriance. 



Excess of growth \ 

Defect of growth j j^ffy. 



The paper dwelt principally with the first two conditions, which 
have frequently co-operated in the development of structures. 
These were classified under the following mechanical energies as 
causes: 

A. Motion in articulation. 

1 . Impact only. 

Facetting of distal end of radius in Diplarthra. 
Expansion of proximal end of radius in Diplarthra, 
Grooving of distal end of tibia by astragalus. 
Grooving of proximal end of astragalus by tibia. 
External trochlea of humerus in Rodentia (Leporidas), and meta- 
podials and humerus in Diplarthra. 

2. Torsion only. 

Alternation of carpal bones in Anthropomorpha. 
Symmetrical flanges of ulnar cotylus in Anthropomorpha . 
Unsymmetrical flanges of ulnar cotylus in other mammalia. 
Rounding of head of radius in Edentata and Quadrumana. 
Involution of eygapophyses in Diplarthra, etc. 

3. Torsion and impact without flexure. 

Alternation of carpal and torsal bones in Ungulata. 
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4. Torsion, impact, and flexure in one plane. 

Tongue and groove joints in many orders. 

5. Flexure in two planes. 

Saddle-shaped cervical vertebrae in Quadrurnana. 

6. Flexure in several directions. 

Ball and socket vertebral articulation. 
Heads of humerus and femur. 

AA. Motion not in articulation. (Teeth.) 

7. Displacement of cusps of triconodont molars by crowding. 

Tritubercular molars. 

8. Transverse thrust. 

The Vs of molars teeth in various orders. 

9. Longitudinal thrust. 

The Vs of the Multituberculata. 
Obliquity of molars in many Eodentia. 

10. Stimulation of pressure and strain. 
Incisors of Rodentia, Multituberculata, etc. 
Prismatic molars of Diplarthra, Rodentia, etc. 
Confluence of cusps into crests generally. 
Sectorial teeth of Carnivora. 

Canine teeth in general. 

Incisors of Proboscidia, Monodon, Halicore, etc. 

As a general result Ave may assert that that it is a general law of 
animal as of other mechanics — viz., that identical causes produce 
identical results. The evidence for this law may be arranged under 
two heads, as follows : 

I. The same structure appeal's in distinct phyla which are sub- 
jected to the same mechanical conditions. Examples of this are : 
the identical character of the articulation of the limbs in Diplarthra 
and Rodentia which possess powers of rapid locomotion. The iden- 
tical structure of the head of the radius in Edentata and Quadru- 
rnana which possess the power of complete supination of the manus. 
Identical reduction of the number of the digits under increased use 
of the limbs in many of the orders. Identical modification of den- 
tal cusps into longitudinal Vs and crescents under transverse strains 
in several orders, and into transverse crescents under longitudinal 
strains, in the Multituberculata. Identical modifications of the 
form and development of crests of the skull under identical condi- 
tions of use of the canine teeth for defence, in all the orders where 
the latter are developed. 

II. Different structures appear in different parts of the skeleton 
of the same individual animals in' consequence of the different me- 
chanical conditions to which these parts have been subjected. Ex- 
amples : the diverse modification of the articulations of the limbs in 
consequence of difference of the uses to which they have been put, 
in mammals which excavate the earth with one pair of limbs only, 
as in the fossorial Edentata, Insectivora, and Eodentia. The reduc- 
tion of the number of digits in the posterior limb only, when this is 
exclusively used for rapid progression, as in leaping ; this is seen 
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in the kangaroos and jerboas, in the orders Marsupialia and Eo- 
dentia. 

There are a good many structures in the skeleton of the Mammalia 
which haTe not yet received a satisfactory explanation on the ground 
of mechanical necessity. Such, for instance, appears to me to be the 
condition of the history of the origin of the canine tooth; that is its 
use in preference to an incisor for raptorial purposes. Such may be 
also the history of the origin of the complex vertebral articulations 
of the American Edentata, as compared with the simple articulations 
of the Old World. In these, as in similar cases, however, an ele- 
ment enters which must be taken into account in seeking for ex- 
planations; that is, that every evolution is determined at its incep- 
tion by the material or type from which it originates. Thus is 
explained the fact that identical uses have not produced identical 
structures in the limbs of all aquatic animals. The fin of the fish is 
essentially different from the paddle of the Ichthyosaurus or the 
whale, The beak of the rapatorial bird is different from the 
canine tooth of the rapacious mammal. When this principle is 
duly considered, many mechanical explanations will become clear, 
which now seem to be involved in difficulty or mystery. — E. D. Cope. 
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Grasshopper Reasoning. — I was on the railroad train from 
Newport, Vermillion County, for Terre Haute. A grasshopper in a 
heedless spring lit on the glass window of the coach. It was a warm, 
dry, dusty day of the drouthy summer. That little hopper looked 
through the glass and seemed astonished; the car was moving with 
increasing velocity, and thus surrounded by the current of air, the 
quiver and rattle of the car, seemed afraid to jump; and perhaps re- 
calling the terrors of railroad accidents, was too cautious to fall off. 
So, calmly studying the situation, he decided to stay and ride to the 
next station. 

On the polished surface of the giving, dusty glass, his feet became 
dry and his footing insecure. Mental resources came to his rescue. 
His memory and reason notified him that he must keep the suction 
cushions of his feet wet to insure an adhesive vacuum. So, after care- 
fully planting his feet in safety, he carefully raised one foot to his 
mouth or lips and moistened it. It was a success, as reason and old 
memories and hopper philosophy had told him. Another and an- 
other foot was so moistened, and the hopper, armed with memory, 
prudence, and philosophic reason, rode on the train to the next sta- 



